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The  effect  of  bactericidal  agents  is  often  tested  by  adding these
substances  to the media on which the organisms are planted,  and the
assumption  is usually made  that  if  the substances,  when present  in
the media,  exhibit a selective hostility to bacteria  they will exhibit a
hostility,  selective  in  the  same  sense,  when  added  directly  to  the
organisms  themselves.  This  assumption  is  usually  justified by  the
facts.  In the large number of experiments  made with gentian violet
and  allied  dyes  no  single  exception  to  this parallelism  between  the
selective  behavior  of  the  dye  when  present  in  the  media,  and  its
selective behavior when  added directly to the bacteria, has ever been
encountered;  organisms  which  are  "killed"  by exposure  to  the stain
never grow when it is present in the media on which they are planted
unstained;  and  organisms  which  are not affected by exposure  to the
dye  grow  readily  on media  containing  it  (Fig.  1).  We  are  in  the
habit,  therefore,  of  reasoning  from experiments  which  test bacterio-
stasis to conclusions  as  to bactericidal  value,  at least  as far as selec-
tive features  are  concerned.
Evidence  will here  be presented  to prove that a parallelism of  this
kind does not always hold, that, on the contrary,  certain dyes exhibit
one type of  selective activity when  they are present  in the media on
which bacteria  are grown and a selective activity of the opposite type
when  the  same  species  of  bacteria  is  stained  and  then  planted  on
plain agar.  Acid fuchsin  is a dye which behaves in this way.
* Aided by a grant from the Committee on Scientific Research  of the American
Medical  Association.
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If Bacillus prodigiosus and Bacillus megatherium be planted on acid
fuchsin agar the former grows well and the latter not at all (Fig. 2,  b).
One would certainly expect from this result that if the two  organisms
were  exposed  to  acid fuchsin  and planted  on  plain  agar  the  latter
would  be killed  and the former unaffected;  but, as a  matter of fact,
when  the experiment  is  done in this way  the opposite  effect  occurs;
Bacillus prodigiosus is  "killed"  and Bacillus megatherium unaffected
(Fig.  2,  a).'  With this dye,  therefore,  selective bacteriostasis  of one
type is exhibited when the dye is present in the bacterial  environment
and selective  bacteriostasis  of  an  opposite  type when  the dye  is in-
corporated  in the  bacterial  bodies.  This  result is in sharp  contrast
to the result of similar experiments done with gentian violet, for when
this dye is used the selection between Gram-positive  and Gram-nega-
tive organisms  is always in the same sense, whether the dye be  added
to the media  on which  the organisms  are  planted  unstained  or  in-
corporated  in the bacteria  before  they are  planted  on plain  agar.
It has been abundantly shown in previous publications that organ-
isms  exposed  to  the  aniline dyes  and  apparently  killed,  may  subse-
quently  revive,  and what seemed  to be death prove to be  suspended
animation.  It  is therefore  more accurate  to avoid the  term  bacteri-
cide in this connection  and to discuss the facts in terms of stasis.  If
the  bacteriostasis  which  a substance  exhibits  when  bacteria  are  ex-
posed  to it  (before being planted  on plain agar)  is described  as in-
trinsic bacteriostasis,  and  that which a substance  exhibits  when it is
present  in the  media  on  which  the  unstained  bacteria  are  planted,
as  extrinsic  bacteriostasis,  then  it  may  be  said  that  the  intrinsic
selective  bacteriostatic  features  of  a  substance,  far  from necessarily
running parallel with its extrinsic selective  features, may run directly
counter  to them.
The facts just cited may be demonstrated by experiments in which
other  substances  than  acid fuchsin  are  used.  The flavines,2 for  ex-
'As  stated in a previous publication  in which  the reverse  selective  activity of
acid fuchsin has been described  (Churchman, J. W., J. Exp. Med., 1923,  xxxvii, 1)
the effect  of this dye is most  clearly brought out  only when  the exposure  of or-
ganisms to stain is made at a slightly elevated temperature  (450C.).
2 Neutral  proflavine  and  neutral  acriflavine,  kindly  furnished  by  the  Phar-
maceutical  Division of the National  Aniline and  Chemical  Company, Inc.,  New
York, were the flavines studied.
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ample, exhibit a reverse intrinsic selective bacteriostasis,  just as  acid
fuchsin does;3 they "kill" Bacillus pyocyaneus more readily than  they
"kill"  Bacillus anthracis (Fig. 3, a; cf.  with Fig.  1, a).  If, however,
these two organisms are planted, unstained, on agar containing flavine
the  growth  of  Bacillus anthracis is  inhibited,  that of Bacillus pyocy-
aneus uninfluenced  (Fig. 3, b; cf. with Fig. 1, b); the extrinsic  selective
bacteriostatic  power  of these  dyes  is not reverse  but normal.
It appears, indeed, that the growth of Gram-positive organisms may
be inhibited by the presence in the media  of any one of a number of
different  substances  which have no deterrent  effect whatever  on the
growth  of Gram-negatives,  and  that these  substances  may be  unre-
lated  chemically.  The  basic  triphenylmethanes  exhibit  this type of
extrinsic  selective  bacteriostasis  most  sharply.  But  the  acid  tri-
phenylmethanes  also  exhibit  it,  as  do  neutral  proflavine,  neutral
acriflavine,  Bismarck  brown,  in strong  dilutions,  and,  according  to
K'mmerer,4 mesohematin.  With  the  basic  triphenylmethanes,  as
with gentian violet, extrinsic and  intrinsic bacteriostasis  run parallel;
Gram-positives  are  inhibited by the dye, whether it be added to  the
media on which they are grown or added directly to the bacteria before
planting  them  on  plain  agar,  and  Gram-negatives  are  unaffected.
This does  not occur if the experiments  be done with acid fuchsin  or
the fiavines;  the predilection  of  these  dyes between  Gram-negatives
and Gram-positive spore bearers is of one sort when the stain is added
to  the  organisms  (intrinsic  bacteriostasis)  and  of  the  opposite  sort
when the stain is added to the media on which they are grown (extrin-
sic bacteriostasis).
This  fact was first  encountered  in comparing the effect  of a basic
triphenylmethane  (magenta)  with  that  of an acid  triphenylmethane
(acid fuchsin).  Since the latter differs  from the former only by being
3  In a previous  publication  selective  bacteriostasis  has  been  described  as
"normal" when it is  similar to that of gentian violet and "reverse" when it is con-
trary to it (Churchman, J. W., J. Exp. Med.,  1923,  xxxvii,  1).
4  Kammerer  (Kmmerer, H., Arch. exp. Path. u. Pharmakol., 1920, lxxxviii,  247)
has shown  that mesohematin  (C34 HsaO 4N4FeOH)  and certain metallic compounds
of  mesoporphyrin,  e.g.  compounds  with  manganese  and  magnesium,  exhibit
the same  type of  selective activity as  gentian  violet  (normal  extrinsic  selective
bacteriostasis).
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sulfonated, it was thought that the H ion  concentration  of  the agar
might  explain  the results,  that  the  sulfonation  of  the  acid  fuchsin
might be negatived  by the agar and that the dye, when added to the
media, might be to all intents  and purposes  changed  to a basic dye.
The experiments were therefore repeated with agars varying from pH
5 to 10.  The results  were the same as before.  Within the limits of
growth for Bacillus pyocyaneus and Bacillus anthracis (pH  5.4 and 9)
the  acid  fuchsin  always  exhibited  normal  extrinsic  selective
bacteriostasis.
Another  suggested  explanation  for  the phenomenon  was  that  the
dyes  owed  their  selective power to the selective  suppression  of  some
element  in the media  (salts, growth-accelerating  factor, etc.)  essential
to the growth of  Gram-negatives but not essential to that  of  Gram-
positives.  But when the experiment  was reduced  to its lowest terms
by repeating  it with  media  consisting  of  nothing but agar dissolved
in distilled water,  a medium  in which both Bacillus pyocyaneus and
Bacillus anthracis will  grow,  acid  fuchsin,  gentian  violet,  and  the
flavines  still inhibited  Gram-positive  spore bearers  and were without
effect  on  Gram-negatives.
Nothing  has been  said  about  the  strength  of  dye  used  in the ex-
periments.  No  effort  has  been  made  to  determine  exactly  what
strength  of  stain  is  necessary  to  inhibit  Bacillus anthracis while
allowing  Bacillus pyocyaneus  to  grow,  or  to  kill  the  latter  while
sparing  the former;  this  may  well be  a different  strength  from  the
one, for example, which allows Bacillus typhosus to grow while inhibit-
ing  Bacillus sublitis.  Such  quantitative  determinations  were  un-
necessary.  Always it was the comparative effect  of a given strength
of dye on two groups of organisms which was being investigated, not
the absolute  effect  of any  given dilution.  As long,  therefore,  as the
conditions  were kept  the same  for the  two  groups  of  organisms  one
could  draw justifiable  conclusions  from  the results without  consider-
ing what  strength  of dye  had  been  used.  The  method  of  divided
plates  made  it possible  to  study  extrinsic  bacteriostasis  (the  effect
of  the dye in media)  on the two groups of  organisms with complete
control  and  under  identical  conditions.  And  in  studying  intrinsic
bacteriostasis  (the  effect  of  the  stain  on the  organisms  themselves)
the two groups  of bacteria  were always  exposed to the same amount
of dye,  of the same strength, and for the same length of time.
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These dyes will kill all organisms  if used in sufficiently strong con-
centrations and will also prevent the growth of all organisms if present
in sufficient  quantity in the media.  On  the other  hand,  if  the  con-
centration  is weak  the dyes may  be  without effect  on either  group.
Between these two extremes a strength of dye is  found which has the
selective effects  described.  As the  strength  of  acid fuchsin and  the
flavines is increased  from the entirely ineffective  dilution  it is always
the Gram-negatives which are killed first, in the intrinsic experiments,
and always the Gram-positive  spore bearers  which are first inhibited
in  the  extrinsic  experiments.  With  gentian  violet  it  is  always  the
Gram-positives  which  are  first  affected  in  both  intrinsic  and  ex-
trinsic experiments.
In  experiments  with  Bacillus anthracis and  Bacillus pyocyaneus it
is found that there is a wide  range between the strength  of dye neces-
sary to kill or inhibit the former and that required to kill or inhibit the
latter; and  clear-cut results  may  be readily  obtained by making the
dilutions colorimetrically  with the eye.  With Bacillus anthracis and
Bacillus typhosus  the range is  narrower  and it is  not easy  to obtain
such  clear-cut results.  But whenever  there is any predilection,  it is
always of  the kind described,  never of  the opposite kind.
It  is  clear  that  ignorance  of  the  fact  that intrinsic  and  extrinsic
bacteriostasis  do not always  run parallel may lead to erroneous  con-
clusions.  Suppose  for  example  that we are  testing the  effect of  acid
fuchsin  on bacteria by planting  them on media  containing  the dye.
We find that the growth of Bacillus anthracis  is completely  inhibited
by a strength of dye  which has no  effect whatever  on  the growth  of
Bacillus coli.  We  conclude  that acid fuchsin  is selectively bacterici-
dal for Bacillus anthracis  as compared with Bacillus coli.  If, however,
we  expose  these  two  organisms  to the dye and  plant  them on plain
agar, the reverse  proves to be  true; Bacillus anthracis  grows  readily,
Bacillus coli not at all.  The action of  the flavines  is similar.
These substances will kill all organisms  if exposure  be  long enough
and to sufficiently  strong dilutions; but the Gram-negatives  are much
more  susceptible  than  Gram-positive  spore  bearers.  Yet when  the
dyes are added to media on which the organisms are planted unstained,
this  selective  susceptibility  is changed;  Gram-negatives,  like Bacillus
pyocyaneus,  will  grow  in  the  presence  of  considerable  amounts  of
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dye, while  spore bearers, like Bacillus anthracis, are readily  inhibited
by small amounts.
There  seems little  doubt that these facts explain,  in part,  some of
the discrepancies between laboratory experiments  and clinical results.
The flavines,  for example,  known  on the basis of sound experimental
evidence  to possess  striking  bactericidal  powers,  have  been  widely
used in  wounds.  The  successful  results have doubtless  been  partly
due to the power of these dyes to kill organisms with which they come
in contact.  But since  the dyes have  often been used only  on gauze
packed into the wounds,  in which case  the stain would hardly  reach
many organisms  in strengths  sufficient  to kill  them,  the  results are
probably  in many instances  due rather  to the  ability of the  dyes to
inhibit bacterial  growth.  Over  Gram-negatives,  as  we  have  seen,
their extrinsic bacteriostatic power  is relatively  weak; that is to say,
when  present  in the  environment  but  not penetrating  the bacteria
themselves the flavines allow the Gram-negatives to grow in strengths
which  will  completely  suppress  Gram-positive  spore  bearers.  Yet
when these  two groups of organisms are exposed to the dye so that it
penetrates  their  bodies  it  is  the  Gram-negatives  which  are  easily
"killed"  by a  strength  of  dilution  which may  be  without  effect  on
Gram-positive  spore bearers.  Ignorant  of  this discrepancy  between
extrinsic  and intrinsic  bacteriostasis  and  familiar with  the sharp  in-
trinsic effect  of the flavines on the Bacillus coli group, observers have
noted  with  surprise  the  persistence  of  these  organisms  in  wounds
treated  with the flavines.  In  one  of  the  few  careful  bacteriological
studies  of wounds  made during the war the significant observation is
made by Bashford5 that though in wounds  treated with Dakin's  solu-
tion  it  is  the  cocci  which  disappear  last,  in  wounds  treated  with
flavine the commonest type of organism to outlive others on the wound
surface  was a  Gram-negative  bacillus.  The same kind of  result was
obtained  in my  efforts  to sterilize  amputation  stumps  with  gentian
violet at the Walter Reed Hospital.  It  was comparatively  simple to
get rid of  the Gram-positive  Bacillus diphtheriav but very difficult to
abolish the Gram-negative Bacillus coli.6
5 Bashford, E.  F., Hartley,  J. N. J., and Morrison,  J. T., Brit. Med. J., 1917,
ii, 849.
6 Churchman, J. W., J. Am. Med. Assn.,  1920, lxxiv,  145.
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In the studies with gentian violet emphasis has from the first been
placed  on  bacteriostatic  and  not  on bactericidal  powers.  At  least
the  distinction  between  the  two  has been  kept  constantly  in mind
and the clinical experiments have been made in an attempt  to apply
to the treatment of infections the principle  of bacteriostasis.  Within
certain  obvious limits  this principle  is a sound  one.  The term bac-
teriostatic  is more  conservative  than bactericidal,  and  it is  the  one
that should generally be used,  for  the great majority  of experiments
in this field, which are supposed to prove  that the chemical substance
under study has killed  the experimental organisms, really prove only
that they have been injured  or that their growth has been inhibited.
Gentian violet, for example, is correctly described as an extrinsic and
intrinsic bacteriostat  for Bacillus anthracis.  It  prevents  the growth
of  this  organism  when  present  in the  media  on which  the plant is
made; and when the bacteria are stained with it and planted on plain
agar  they  never  reproduce  until  several  days  have  elapsed,  and  in
the vast majority of experiments do not reproduce at all.  That they
are not all always killed by staining with gentian violet is proved  by
the  fact  that now  and  then  they do  reproduce  after  an interval  of
quiescence.  I  have  seen  stained  Bacillus  anthracis,  injected  in
enormous doses into a mouse, revive  after 24 days of complete quies-
cence  and  kill  the  animal,  the  controls  having  died  in  36  hours.7
Bactericide would therefore be an incorrect term  in  this  connection.
There is a good deal of reason for supposing that bacteriostats may
act  by  paralyzing  the  reproductive  mechanism  without  otherwise
injuring bacteria (genesistasis).  That powerful action on cell processes
can  be  exerted  by  substances  which  do  not  penetrate  beyond  the
surface of the cell is shown by an interesting experiment by Warburg.8
This  observer  found  that  the  O consumption  of  the  fertilized  eggs
of the sea urchin in an artificial  sea water  is doubled by the addition
of 10 cc. of 0.1  N NaOH to 1 liter of sea water, the development being
at the  same  time  stopped.  If  the  cells  are  stained  previously with
neutral  red,  which  does  not affect  their  development,  no  change  of
color takes place when  the NaOH is added,  showing that the latter
has not permeated  the cell;  whereas with ammonia,  to which the  cell
7 Churchman,  J. W.,  J. Exp. Med.,  1921,  xxxiii,  579.
8 Warburg,  O., Z. physiol. Chem., 1910,  lxvi, 305.
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membrane is permeable, the cells become yellow in less than 1 minute.
Although the cells are uninjured by the concentration of ammonia used,
the O consumption  is only increased  10 per cent instead of the 100 per
cent when  the  H  ion  concentration  is  changed  only  at the  surface.
There  is  evidence  for  the  conclusion  that gentian  violet  has  an
inhibiting effect on the fission of paramecium  even in dilutions which
do not penetrate the cell or otherwise injure the organism; and in one
instance I was able to observe a paramecium,  lying in gentian violet,
begin its division  but never  conclude it-a striking example  of gene-
sistasis  (Fig.  4).9
That  static  effects  may  be  produced  without penetration is there-
fore clear.  But it is equally true that penetration of a dye may occur
without  stasis.  In Fig.  5,  Tube  a  has  been  stroked  with  thirty
stained organisms  (Bacillus coli) picked  out individually by the  Bar-
ber technique, to avoid the chance of having  the  growth which  occurs
spring from organisms  which had  escaped  the stain.  The  luxuriant
growth  proves that stained organisms  can reproduce.
SUMMARY.
1. Between  Gram-positive  and  Gram-negative  organisms  gentian
violet exhibits the  same type  of selective  activity whether  the dye be
added  to the media on which the bacteria  are planted  unstained  (ex-
trinsic  bacteriostasis),  or  the  organisms  be  stained  with  it  before
being  planted  on  plain  agar  (intrinsic  bacteriostasis).  In both  in-
stances  the  Gram-positives  are  inhibited  and  the  Gram-negatives
unaffected.
2.  Between Gram-positive spore-bearing aerobes and the commoner
Gram-negative  bacteria,  acid  fuchsin,  related  sulfonic  substances,
and the flavines exhibit one type of selective  activity when the dye is
added  to the media  (extrinsic bacteriostasis)  and  the  opposite  type
when it is  added  directly  to  the  bacteria  (intrinsic  bacteriostasis).
In the former case, the Gram-positive  spore bearers are  inhibited and
the Gram-negatives unaffected;  in the latter case  the Gram-negatives
are  inhibited  and the Gram-positive  spore bearers  unaffected.
9Busk  showed that trypan red had a genesistatic  effect on paramecium  (Busk,
B.,  cited  by  Ehrlich,  P.,  in  Wolff-Eisner,  A.,  Handbuch  der  Serumtherapie,
Munich,  1910,  316).
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3.  Selective bacteriostasis is not necessarily conditioned by selective
penetrability.  Stained organisms  may  grow, and dyes which do not
stain well  may  inhibit  reproduction.
4.  There  is evidence  that the phenomena  of bacteriostasis  may  be
due to changes effected  by the dye at the surface  of the organisms.
EXPLANATION  OF  PLATES.
PLATE  29.
FIG.  1, a and b.  Parallelism  of intrinsic and extrinsic bacteriostasis of gentian
violet.  (a) Intrinsic  bacteriostasis.  P,  unstained  B.  prodigiosus, for  control;
P',  stained B. prodigiosus; M, unstained B. megatherium, for control; M',  stained
B. megatherium.  B. prodigiosus has  been  unaffected,  B.  megatherium inhibited.
(b)  Extrinsic  bacteriostasis.  Divided  gentian  violet  plate.  B.  prodigiosus has
been unaffected, B. megatherium inhibited.
FIG.  2,  a and b.  Lack of parallelism of intrinsic and extrinsic bacteriostasis of
acid  fuchsin.  (a)  Intrinsic  bacteriostasis.  Lettering  the  same  as  in  Fig.  1.
B.  prodigiosus has  been  inhibited,  B.  megatherium unaffected.  (b)  Extrinsic
bacteriostasis.  B.  prodigiosus has been unaffected,  B. megatherium inhibited.
FIG.  3, a and b.  Lack of parallelism of intrinsic and extrinsic bacteriostasis of
neutral  acriflavine.  (a)  Intrinsic  bacteriostasis.  Py, unstained  B.  pyocyaneus,
for control; Py', stained B.  pyocyaneus; An, unstained  B. anthracis, for control;
An',  stained  B.  anthracis.  B.  pyocyaneus has  been  inhibited, B.  anthracis un-
affected.  (b)  Extrinsic  bacteriostasis.  B.  anthracis has been  inhibited, B. pyo-
cyaneus unaffected.
PLATE  30.
FIG.  4.  Paramecium  lying  in gentian violet  solution.  Fission has begun but
has been arrested and has never proceeded  any further.  The two nuclei can be
plainly seen.
FIG.  5,  a  and  b.  Experiment  to  show  that  organisms  stained  with gentian
violet will grow.  (a) Tube planted with thirty stained individual B.  coli picked
out by the Barber technique; good growth has occurred.  (b)  Tube planted with
a similar group  of stained B. subtilis; no  growth has occurred.
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